Research of Correlation Filters and Its Application for Face Recognition by 晏栋
 
 
学校编码：10384                                分类号      密级      




硕  士  学  位  论  文 
  
相关滤波器及其在人脸识别中的应用研究 
Research of Correlation Filters and Its Application 
for Face Recognition 
晏  栋 
指导教师姓名：严  严 
专 业  名 称：计算机应用技术 
论文提交日期：2014 年 4 月 
论文答辩时间：2014 年 5 月 
学位授予日期：2014 年  月 
 
答辩委员会主席：           
评    阅    人：           
 






































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 






































 提出了一种新的相关滤波器，称为主元最优折中滤波器(Principal Optimal 
Tradeoff Filter, 简称为 POTF)。POTF 在一维频域的 PCA 子空间中设计相关
滤波器。与传统的相关滤波器相比，POTF 能够有效地降低计算复杂性并提
高相关滤波器对光照和表情等变化的鲁棒性。 
 提出了一种人脸姿态估计的方法，称为方向相关滤波器集 (Directional 
Correlation Filter Set, 简称为 DCFS)。DCFS 由不同的人脸姿态的方向滤波器
组成。每个方向滤波器由该方向的人脸样本设计得到的 POTF 构成。在 PIE、
HPI 和 UMIST 等公用的多姿态人脸数据库上的实验结果表明，DCFS 方法的
人脸姿态估计的正确率达到了 99%以上，并且能够有效提高人脸识别的准确
率。此外，本文将 DCFS 方法拓展到遮挡判定领域，其在 AR 人脸数据库上
遮挡判定的正确率达到了 100%。 
 提出了一种非线性特征融合方法，称为基于多项式滤波器的非线性特征融合









































The modern city is becoming more intelligent, due to the fast development of society. 
A fast and accurate identification technology is of great importance in the modern city. 
The face recognition technology is becoming more popular than the traditional 
identification methods, due to its convenience and efficiency. Compared with other 
biometric technologies, including fingerprint recognition, iris recognition, the face 
recognition technology has several unique advantages, such as non-contact and 
intuitive. Although the face recognition technology has been widely used in the field 
of public security and digital entertainment, there are still several challenging 
problems to be solved, such as occlusions, pose variations, illumination variations, 
expression variations, etc. To deal with the key issues, including head pose estimation 
and feature fusion, in face recognition, we have intensively investigated the related 
work and proposed several solutions. The innovation points of our work are 
summarized as follows: 
 We propose a new correlation filter, called Principal Optimal Tradeoff Filter 
(POTF). POTF is a correlation filter which is designed in the 1D frequency 
domain of the subspace obtained by PCA. Compared with the traditional 
correlation filters, POTF requires less computational complexity and is more 
robust to deal with illumination and expression variations. 
 We propose a robust head pose estimation method, called Directional Correlation 
Filter Set (DCFS). DCFS is composed of different directional correlation filters 
(DCF) corresponding to different poses. Each DCF consists of several POTFs 
designed by the samples corresponding to a specific pose. Experimental results 
on the PIE, HPI and UMIST face databases have shown that the proposed method 
can achieve the detection rate of more than 99%, and can effectively improve the 
performance of face recognition. Furthermore, we extend the proposed method to 
















that the detection rate can achieve 100%. 
 We proposed a nonlinear feature fusion method, called Non-linear Feature Fusion 
Based on Polynomial Correlation Filter (NF-PCF). We show that combining the 
global features and local features can effectively improve the robustness of the 
face features. High-order statistics information is beneficial for face recognition 
due to the fact that the facial structure is highly nonlinear. Experimental results 
on Yale, PIE, GTFD and LFW face databases have shown that NF-PCF achieved 
a better performance than the state-of-art methods, such as LPP, etc. Moreover, 
NF-PCF has a similar performance to the SRC method, but NF-PCF is much 
faster than the SRC method. 
 


















摘  要 ..................................................................................................... I 
Abstract ............................................................................................... III 
第一章 引言 ........................................................................................... 1 
1.1  研究背景 ...................................................................................................... 1 
1.2  发展现状 ...................................................................................................... 2 
1.3  研究中的挑战............................................................................................... 4 
1.4  人脸识别的基本流程 ................................................................................... 7 
1.4.1  人脸检测................................................................................................ 7 
1.4.2  人脸对齐................................................................................................ 8 
1.4.3  特征提取................................................................................................ 8 
1.4.4  人脸识别............................................................................................... 11 
1.5  研究目的与意义 ......................................................................................... 14 
1.6  研究内容及结构安排 ................................................................................. 15 
1.6.1  主要研究内容 ...................................................................................... 15 
1.6.2  结构安排.............................................................................................. 15 
第二章 人脸识别概述及相关滤波器基础 .......................................... 17 
2.1  特征描述子介绍 ......................................................................................... 17 
2.2  PCA 介绍及分析........................................................................................ 18 
2.2.1  PCA 的基本思想 ................................................................................. 19 
2.2.2  PCA 的实施步骤 ................................................................................. 19 
2.2.3  PCA 的分析 ........................................................................................ 21  
2.3  LDA 介绍及分析 ....................................................................................... 23 
2.3.1  LDA 的基本思想 ................................................................................ 23 
2.3.2  LDA 的实施步骤 ................................................................................ 24 
2.3.3  LDA 分析 ............................................................................................ 25 
2.4  相关滤波器介绍 ......................................................................................... 27 
2.4.1  相关的基本概念 .................................................................................. 27 
2.4.2  经典的相关滤波器 .............................................................................. 28 
2.4.3  相关滤波器的特性 .............................................................................. 30 
















2.6  本章总结 .................................................................................................... 35 
第三章 基于相关滤波器的人脸姿态估计 .......................................... 37 
3.1  相关工作 .................................................................................................... 37 
3.2  方向相关滤波器集(DCFS)方法 ................................................................ 38 
3.2.1  特征提取框架 ...................................................................................... 38 
3.2.2  DCFS 实施步骤 ................................................................................... 39 
3.2.3  基于人脸姿态估计的人脸识别流程 ................................................... 41 
3.3  实验结果与分析 ......................................................................................... 43 
3.3.1  实验设置.............................................................................................. 43 
3.3.2  人脸姿态估计结果 .............................................................................. 44 
3.3.3  人脸识别结果 ...................................................................................... 47 
3.3.4  DCFS 的泛化性能 ............................................................................... 49 
3.3.5  HOG 中的块数目分析 ......................................................................... 50 
3.3.6  利用 DCFS 判定图像遮挡 ................................................................... 52 
3.4  本章总结 .................................................................................................... 52 
第四章  基于多项式相关滤波器的特征融合 .................................... 55 
4.1  相关工作介绍............................................................................................. 55 
4.1.1  背景 ..................................................................................................... 55 
4.1.2  传统的特征融合方法 .......................................................................... 56 
4.2  基于多项式滤波器的非线性融合（NF-PCF）方法 ................................ 56 
4.2.1  NF-PCF 的设计思想 ............................................................................ 57 
4.2.2  NF-PCF 的设计和实施步骤 ................................................................ 57 
4.3  实验结果与分析 ......................................................................................... 61 
4.3.1  实验设置.............................................................................................. 61 
4.3.2  NF-PCF 与对比方法的人脸识别结果与分析 ..................................... 62 
4.3.3  NF-PCF 与对比方法的人脸识别结果与分析 ..................................... 64 
4.4  本章总结 .................................................................................................... 66 
第五章 全文总结及展望 ..................................................................... 67 
5.1  全文总结 .................................................................................................... 67 
5.2  展望 ............................................................................................................ 68 
硕士期间的科研成果 ........................................................................... 74 

















Abstract ............................................................................................... III 
Content ............................................................................................... VII 
Chapter 1 Introduction .......................................................................... 1 
1.1  Research Background ................................................................................. 1 
1.2  State-of-The-Art .......................................................................................... 2 
1.3  Challenging Problems ................................................................................. 4 
1.4  The Flow of Face Recognition .................................................................... 7 
1.4.1  Face Detection ....................................................................................... 7 
1.4.2  Face Alignment ...................................................................................... 8 
1.4.3  Feature Extraction .................................................................................. 8 
1.4.4  Face Recognition .................................................................................. 11 
1.5  Research Objective and Significance ....................................................... 14 
1.6  Content and Structure .............................................................................. 15 
1.6.1  Content ................................................................................................ 15 
1.6.2  Structure .............................................................................................. 15 
Chapter 2 The Basic of Face Recognition and Correlation Filter ..... 17 
2.1  Introduction to Face Descriptors.............................................................. 17 
2.2  Introduction and Analysis of PCA ........................................................... 18 
2.2.1  Idea of PCA ......................................................................................... 19 
2.2.2  Implementation of PCA........................................................................ 19 
2.2.3  Analysis of PCA .................................................................................. 21 
2.3  Introduction and Analysis of LDA ........................................................... 23 
2.3.1  Idea of LDA ......................................................................................... 23 
















2.3.3  Analysis of LDA .................................................................................. 25 
2.4  Introduction of Correlation Filters .......................................................... 27 
2.4.1  Definition of Correlation ...................................................................... 27 
2.4.2  Traditional Correlation Filters .............................................................. 28 
2.4.3  Properties of the Correlation Filter ....................................................... 30 
2.5  Class-dependence Feature Analysis.......................................................... 33 
2.6  Summary of This Chapter ........................................................................ 35 
Chapter 3 Face Pose Estimation Based on the Correlation Filter ..... 37 
3.1  Related Work ............................................................................................ 37 
3.2  The DCFS Method .................................................................................... 38 
3.2.1  The Framework of Feature Extraction .................................................. 38 
3.2.2  Implementation of DCFS ..................................................................... 39 
3.2.3  Face Recognition Based on Face Pose Estimation ................................ 41 
3.3  Results and Analysis ................................................................................. 43 
3.3.1  Experiment Settings ............................................................................. 43 
3.3.2  Results for Face Pose Estimation .......................................................... 44 
3.3.3  Results for Face Recognition ................................................................ 47 
3.3.4  Generalization Capabilities of DCFS .................................................... 49 
3.3.5  Analysis of The Block Size of HOG ..................................................... 50 
3.3.6  Occlusion Detection by DCFS.............................................................. 52 
3.4  Summary of This Chapter ........................................................................ 52 
Chapter 4 Feature Fusion based on Polynomial Correlation Filter .. 55 
4.1  Related Work of Feature Fusion .............................................................. 55 
4.1.1  Background of Feature Fusion.............................................................. 55 
4.1.2  Traditional Feature Fusion Methods ..................................................... 56 
4.2  The Proposed NF-PCF Method ................................................................ 56 
















4.2.2  Design and Implementation of NF-PCF ................................................ 57 
4.3  Results and Analysis ................................................................................. 61 
4.3.1  Experiment Settings ............................................................................. 61 
4.3.2  Face recognition Results of NF-PCF and Other Method ....................... 62 
4.3.3  Analysis of Results............................................................................... 64 
4.4  Summary of This Chapter ........................................................................ 66 
Chapter 5 Conclusions and Future Work ........................................... 67 
5.1  Conclusions ............................................................................................... 67 
5.2  Future Work .............................................................................................. 68 
References ............................................................................................ 69 
Academic Achivments .......................................................................... 74 





























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
